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SENSOR FOR DETERMINING A PHYSICAL PROPERTY OF A TEST GAS 
Field Of The Invention 

The present invention is based on a sensor for determining a physical property of a test gas, in 
particular for determining the pressure, the temperature or the concentration of a gas 
component in the exhaust gas of internal combustion engines. 

5 Background Information 

In one known gas sensor for determining the concentration of a gas component, especially 
oxygen, in exhaust gases of internal combustion engines (German Published Patent 
Application No. 199 24 319), the protective tube developed as a so-called double protective 
tube is made up of a measuring chamber, in which the gas-sensitive sensor section lies, 

10 surrounded by an inner tube and an outer tube situated concentrically thereto, which enclose a 
hollow space between them and have gas passage openings for the exhaust gas. In order to 
avoid that drops of water, carried along distributed in the exhaust gas or created by 
condensation, deposit on the hot sensor element and trigger the formation of cracks, which 
leads to the functional failure of the sensor element, flow elements are situated at the gas 

15 passage openings which divert the exhaust gas in the direction of the inner lateral surfaces of 
the inner and outer tube, and thus bind the water drops to the inner lateral surfaces. As a 
result of the increasing temperature of the exhaust gas, the water subsequently evaporates. 

Summary Of The Invention 

The sensor according to the present invention has the advantage that, because of the spiral 
20 shape of the protective tube, just as in the known sensor element, the access of water drops 
and solid substances to the sensor element, or, more accurately, to the gas-sensitive sensor 
section of the sensor element that is enclosed by the protective tube, is reliably prevented 
without the need for a double tube that is costly from a manufacturing technology point of 
view. The spiral-shaped protective tube forces the flow, of the gas to be measured, up its 
25 spiral-shaped course, because of the centrifugal forces acting upon the gas flow as a result of 
the flow diversion, the depositing of the water contained therein and the solid substances 
contained therein being fostered. In addition, because of the spiral-shaped tube wall course of 
the protective tube, the gas exchange between the exhaust gas flow and the sensor element 
takes place very much faster, since the spiral diameter, which decreases continuously in the 
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inward direction, speeds up the gas flow. Because of the more rapid gas exchange, the sensor 
has a greater dynamic measuring range, and detects much more rapidly changes in the gas 
that is to be measured. The spiral diameter and the number of windings are the parameters 
influencing the depositing of water and solid substances, and they can be optimized very 
5 simply. The smaller, lighter drops and substances precipitate in the region of the smaller 
spiral diameters, while the heavy drops and substances are deposited on the wall of the tube, 
already in the region of the greater spiral diameters. The tube wall section of the protective 
tube, that lies inside, near the sensor element and borders the measuring chamber of the 
sensor, absorbs the heat radiation of the sensor and heats up very much more rapidly than the 
10 outer spiral regions of the protective tube. The exceeding of the dew point is thereby shifted 
to the cooler outer regions of the protective tube. 

According to one advantageous specific embodiment of the present invention, the protective 
tube is made of sheet metal which, at least on one side, is patterned or coated. Because of 
this, the depositing of water and substances and their removal by the force of weight, and the 
15 pressure gradient in the direction towards the axial exit opening of the protective tube, is 
supported at the inner wall of the protective tube. Instead of coating the sheet metal, it may 
also be lined with a nonwoven metal fabric or a ceramic fabric. 

According to one advantageous specific embodiment of the present invention, the protective 
tube is made up of a sintered ceramic, preferably a ceramic foil which is sintered after being 
20 formed. 

Brief Description Of The Drawings 

Fig. 1 in a cutaway view, shows a longitudinal section of a gas sensor having a section key 
according to line I - I in Figure 2. 

Fig. 2 shows a section along line II - II in Fig. 1 . 

25 Fig. 3 shows a pattern for a protective tube of the sensor in Figure 1, according to an 
additional exemplary embodiment. 

Fig. 4 shows a representation in perspective of a protective tube formed from the pattern 
according to Figure 1. 

Fig. 5 shows a representation, identical to Fig. 2, of a modified protective tube. 
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Detailed Description 

* The sensor shown in a cutaway view in longitudinal section in Figure 1, for determining a 
physical property of a gas to be measured is, for instance, conceived as a lambda probe for 
determining the oxygen concentration in the exhaust gas of internal combustion engines. The 
5 sensor has a sensor housing 10, in which a sensor element 1 1 is accommodated, which 

protrudes axially from sensor housing 10 at its gas-sensitive sensor section 111, and is there 
surrounded by a protective tube which is mounted on the end face of sensor housing 1 0 and is 
fastened there. Sensor housing 10 is provided with an outer thread 13 by which the sensor is 
fastened at the exhaust gas pipe of an internal combustion engine, protective tube 12 
10 extending into the inside of the exhaust pipe, and gas-sensitive sensor section 1 1 1 of sensor 
1 1 is exposed to the exhaust gas. 

As may be seen in the sectional representations in Figures 1 and 2, protective tube 12 is 
developed spiral-shaped, that is, its tube wall 121 demonstrates a spiral-shaped course, the 
spiral diameter of an axially extending inlet opening 14 becoming increasingly smaller, in the 

15 direction towards the inside. The innermost spiral region, that is bordered by the tube wall 
section that directly surrounds sensor element 11, forms a measuring chamber 15 for sensor 
element 11. Protective tube 12 is open at its end face that faces away from sensor housing 10, 
so that the exhaust gas entering via inlet opening 14, which is being forced to a spiral-shaped 
flow within the protective tube spiral, and enters measuring chamber 15, is able to flow out 

20 axially via the open end of measuring chamber 15. In the same manner, the water drops and 
substances depositing on spirally running tube wall 121, which are conveyed to the free end 
of protective tube 12 by the force of weight and the axial pressure gradient, are able to exit 
there. For special application purposes, the spiral region enclosing measuring chamber 1 5 is 
able to be closed off using a gas-permeable filter 16, as indicated in Figure 1. Filter 16 is 

25 made, for instance, of a porous ceramic fabric or a metal nonwoven wire fabric. Instead of the 
cover using a filter 16, protective tube 12 may also be developed in such a way that 
measuring chamber 1 5 tapers greatly downwards towards the axial exit end, which may be 
achieved, for example, by squeezing together the free ends of protective tube 12. 

Protective tube 12 is preferably made of sheet metal, the sheet metal being patterned at least 
30 on one side, for example, sand-blasted, or coated at least on one side. Because of this 

patterning or coating, the separation of water drops and substances or particles, contained in 
distributed fashion in the exhaust gas, at spiral-shaped tube wall 121 is substantially aided. 
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For the coating, a ceramic fabric may be used, for example, which is made up, for instance, of 
96% aluminum oxide and 4% silicon oxide. Alternatively, protective tube 12 is made up of a 
sintered ceramic, protective tube 12 being formed preferably from a ceramic foil in a blank 
state and then sintered. Furthermore, protective tube 12 may be made up of sheet metal and a 
5 sintered ceramic. In this context, the sheet metal together with the ceramic foil applied onto it 
is formed to become protective tube 12, or the sheet metal and the ceramic foil are each 
formed to a spiral tube separately, and the two spiral tubes are subsequently pushed into each 
other in the axial direction. 

In a preferred manner, protective tube 12 is formed from a flat pattern 17 of sheet metal or a 
10 ceramic foil. Such a pattern 17 is shown in exemplary fashion in Figure 3. Pattern 17 here is a 
pentagon, in this case. In order to form the spiral tube, pattern 17 is rolled up, starting from its 
right side, as seen in Figure 1, and is hardened in its rolled-up state, whereby protective tube 
12 comes about, that is shown in perspective in Figure 4. 

Pattern 17 of the sheet metal or the foil, for producing protective tube 12, is able to be 
15 designed in various additional geometric shapes, so that correspondingly modified geometric 
shapes of protective tube 12 come about. Thus, pattern 17 may also be developed in a 
rectangular or triangular form, as is indicated by dashed and dashed-dotted lines in Figure 3. 
The lower longitudinal side edge of pattern 17 may also be given an arch-shaped or curve- 
shaped course. 

20 Such a pattern 17 is able to be formed into a spiral-shaped protective tube 12, in which, as 
may be seen in Figure 2, the curvature of the tube wall is approximately circular. It is also 
possible to deviate from the circular form of the curvature of the tube wall and, for instance, 
roll up pattern 17 in such a way that the tube wall sections include oval interior cross 
sections, as may be seen in Figure 5. In such a design of protective tube 12, a directed 

25 insertion of the sensor into the gas flow is recommended. 

The spiral-shaped protective tube described may also be used, while obtaining the same 
advantages, for other sensors, such as. temperature sensors and pressure measuring sensors for 
exhaust gas measurements, or for sensors for measuring the concentration of nitrogen oxides 
in the exhaust gas. 
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